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Wireless sensor networks (WSNs) have been expected to improve the capability of capturing mechanical vibration dynamic
behaviors and evaluating the current health status of equipment. While the expectation for mechanical vibration monitoring
using WSNs has been high, one of the key limitations is the limited lifetime of batteries for sensor node. The energy harvesting
technologies have been recently proposed.One of them shares the samemain idea, that is, energy harvesting from ambient vibration
can be converted into electric power. Employing the vibration energy harvesting, a novel self-powered wireless sensor node has
been developed to measure mechanical vibration in this paper. The overall architecture of node is proposed. The wireless sensor
node is described into four main components: the energy harvesting unit, the microprocessor unit, the radio transceiver unit, and
accelerometer. Moreover, the software used to control the operation of wireless node is also suggested. At last, in order to achieve
continuous self-powered for nodes, two operation modes including the charging mode and discharging mode are proposed. This
design can effectively solve the problem of continuous supply power of sensor node for mechanical vibration monitoring.

1. Introduction

Mechanical vibration is a common phenomenon observed in
the operation of many machines and arises from the inertia
effect of machine parts in motion. Generally, the primary
motivation for monitoring vibration in mechanical systems
is to avoid causing component faults and early replacement
and inflicting a major hit on accuracy. Therefore, efficient
mechanical vibration monitoring is critical to machinery
normal running. As we known, vibration monitoring system
may be more complex than the other monitoring systems.
A lot of signal cables in traditional vibration monitoring
system are utilized, which results in signals interference and
poor reliability ofmonitoring results. Moreover, the vibration
monitoring system is also a limited application because the
system is complex in construct and has poor flexibility [1, 2].

In order to overcome the shortcomings of traditional
vibration monitoring system and achieve the vibration mon-
itoring of machine within a large area, a method applying
WSNs technology to vibrationmonitoring system ofmachine
is presented. However, the power source applied for WSNs

node still use batteries until now. The limited lifetimes of
batteries have severely limited the potential application of
WSNs for real engineering.

We know that utilizing ambient energy provides a new
way that could potentially solve energy supply problem for
real engineering. For example, mechanical vibration, existing
almost everywhere, has been investigated as a promising
energy source for wireless sensors in some applications, such
as machine condition monitoring and indoor environmental
monitoring [3–5].

Over the course of the past years, there has been a
large amount of researches have been reported on energy
harvesting [6–13].They share the samemain idea that energy
harvesting from ambient vibration can be converted into
electric power. At present, the most mature available method
is based on solar cells.While solar cells are attractive for some
outdoor applications, they are not useful for sensor nodes
that are not accessible to the direct sunlight. However, these
energy harvesting devices pick up vibrations from a vibrating
source, and then convert vibration energy to electrical energy
using piezoelectric materials. Therefore, energy harvesting
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from environmental vibration attracts much attention for
its use in WSNs node [14]. Roundy et al. [15] research on
the low level vibrations as a power source for wireless sensor
nodes. Mitcheson et al. [16] review energy harvesting from
human and machine motion for wireless electronic devices.
Vullers et al. [17] summarize energy harvesting components
and associated power management circuits. Such system can
be used in various applications such as mechanical vibration
monitoring systems and building energy management sys-
tems, et al. Hence, energy harvesting technology has become
powerful engineering approach for solving energy problem
of wireless sensor node. But to the best of the author’s
knowledge, it seems that the self-powered wireless sensor
node utilized vibration energy harvesting for mechanical
vibration monitoring has been seldom addressed, which
motivates our research in this paper.

Following the above discussions on related content, we
present firstly the overall system architecture of sensor
node. The wireless sensor node is described into four main
components: the energy harvesting unit, the microprocessor
unit, the radio transceiver unit, and accelerometer unit. Each
subsystem will be described in detail in their respective sec-
tions. Moreover, the software design of wireless sensor node
includes ZigBee stack and wireless sensor communication.
At last, in order to achieve continuous self-powered, two
operation modes of energy storage module including the
charging mode and discharging mode are suggested in this
paper.

The rest of paper is organized as follows. The energy
harvesting is introduced in Section 2. The hardware system
architecture is given in Section 3. Then, the software design
of sensor node is proposed in Section 4. At last, the two kinds
of supply powermode are analyzed in Section 5 and the paper
is concluded in Section 6.

2. Energy Harvesting

Over the past several years, energy harvesting has been
improved rapidly to deliver devices that can provide con-
tinual power output from vibrations on a vibrating source
using piezoelectric materials, electromagnetic induction, or
electrostatic methods. Therefore, main idea of this paper is
that wireless sensor node is powered by the vibration energy
harvesting which can convert the wasted vibration to useful
electrical energy.

Here, a new piezoelectric energy harvester is proposed for
mechanical vibration energy harvesting. Piezoelectric energy
harvesters have high output voltage but low current level.
They have simple structures, which makes them compatible
with Micro-Electro-Mechanical Systems (MEMS). Linear
Technology’s new LTC3588-1 piezoelectric energy harvesting
power supply greatly simplifies the task of harvesting surplus
energy and managing the piezoelectric energy from a vibra-
tion or strain source.

Linear Technology announces the LTC3588-1, a complete
energy harvesting solution optimized for low energy sources,
including piezoelectric transducers. The LTC3588-1 inte-
grates a low-loss, full-wave bridge rectifier with a high effi-
ciency buck converter to harvest ambient vibrational energy
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Figure 1: LTC3588 typical application schematic.
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Figure 2: Block diagram of wireless sensor node.

via piezoelectric transducers and then convert it to a well-
regulated output to power. The LTC3588-1 operates from an
input voltage range of 2.7 V to 20V, making it ideal for a wide
array of piezoelectric transducers, as well other high output
impedance energy sources. Its high efficiency buck DC/DC
converter delivers up to 100mA of continuous output current
or even higher pulsed loads. Its output can be programmed to
one of four (1.8 V, 2.5 V, 3.3 V, or 3.6V) fixed voltages to power
a wireless transmitter or sensor. Quiescent current is only
950 nA with the output in regulation, maximizing overall
efficiency [18].

Linear’s Technology LTC3588-1 chip integrates all nec-
essary blocks for implementation of piezoelectric energy
harvesting devices and the typical application of 100mA
piezoelectric energy harvesting power supply is shown in
Figure 1.

3. System Architecture

The wireless sensor node is composed of several parts:
the microprocessor unit, the radio transceiver unit, the
accelerometer unit, and energy harvesting unit. The over-
all system hardware block diagram is shown in Figure 2.
Microprocessor, which uses microprocessor MSP430F2013,
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is mainly responsible for controlling the operation of the
entire data acquisition node processing. Sensor unit is used
to collect machinery and equipment vibration parameters.
In this system, the accelerometer uses vibration sensor
(ADXL001) which is specially for equipment status monitor-
ing. RF CC2520 chip is as the radio transceiver unit which
is mainly responsible for data transmission communication
with other sensor nodes, sending and receiving data. The
energy harvesting unit is in charge of providing a stable and
reliable power supply voltage to sensor node and ensuring
that nodes are able to work properly. This unit is described
in detail in Section 2. Another subsystem will be illustrated
in their respective subsections.

3.1. Microprocessor Unit. The microprocessor is the heart of
sensor node. It samples the sensor data and handles the
radio communication. Because the energy harvesting unit
harvests energy at a relatively low rate, it is important to
select a microprocessor with low power consumption. The
MSP430 family has the best performance in terms of power
consumption and has a large community with support for
many low power applications. The architecture, combined
with five low-power modes, is optimized to achieve extended
battery life in portable measurement applications.The device
features a powerful 16-bit RISC CPU, 16-bit registers, and
constant generators that contribute to maximum code effi-
ciency. Therefore, in this system, microprocessor MSP430 is
selected.

The MSP430F2013 is an ultra-low-power mixed signal
microprocessor with a built-in 16-bit timer and ten I/O pins.
In addition, there is already an 802.15.4 library written for
the MSP430F2013 by TI and also the CC2520 transceiver
datasheet provides routing details between the microproces-
sor and the CC2520 transceiver.

3.2. Radio Transceiver Unit. In this design, the CC2520 wire-
less module is selected as radio transceiver unit. The CC2520
wireless module uses ZigBee/IEEE 802.15.4 RF transceiver
for the 2.4GHz unlicensed ISM band. In this self-powered
sensor node, this module can be used together with a
microprocessor MSP430F2013.

The CC2520 is designed for low-power consumption at
18.5mAwhen receiving and 25.8mAwhen transmitting.The
microprocessor is designed with a hardware SPI interface.
The CC2520 interfaced with the microprocessor via the 4-
wire SPI bus: CSn, SI, SO, and SCLK. The SPI interface
provided synchronous full duplex communication consisting
of three lines which are active low. The CSn pin is a digital
input for SPI chip select. The SI pin is also a digital input for
SPI slave input. The next input pin on the serial peripheral
interface of the wireless controller is SCLK. This pin is an
SPI clock input. The final line Serial Out (SO) is used to
transmit data from the transceiver to themaster device which
was themicroprocessor.Moreover, it enables ZigBee nodes to
be built with very low total bill-of material costs. Therefore,
the CC2520 is highly suited for systems where a high data
sampling rate with low energy consumption is required in
mechanical vibration monitoring.
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Figure 3: Application circuit.

3.3. Accelerometer. It is determined that the frequency range
of interest for this self-powered sensor node application is
defined between 10Hz and 20 kHz.The best fit for application
is the ADXL001, anMEMS based accelerometer developed by
Analog Devices which has a bandwidth of 22 kHz, operates at
5 V, and outputs an analog voltage.

The ADXL001 provides high performance and wide
bandwidth for industrial monitoring where wide bandwidth,
small form factor, low power, and high performance are
critical. Unlike many other vibration sensors, which operate
below 5 kHz of bandwidth, the ADXL001 is capable of detect-
ing motor-bearing vibration and irregularities up to 22 kHz,
which allows system operators to identify failing equipment
earlier before costly damage is sustained. Moreover, the
sensors have excellent nonlinearity of 0.2 percent of full-scale
range. The ADXL001 operates with an extended temperature
range of −40∘C to 125∘C allowing the part to be used in most
hazardous industrial conditions. And theADXL001 functions
on a 3.3 V to 5V supply.

Figure 3 shows the standard application circuit for the
ADXL001. Figure 4 is appearance of ADXL001 chip. Note that
VDD and VDD2 should always be connected together. The
output is shown connected to a 1000 pF output capacitor for
improved electromagnetic interference (EMI) performance
and can be connected directly to an ADC input. Use standard
best practices for interfacing with an ADC and do not omit
an appropriate antialiasing filter [19].

4. Design of Node Software

The software used to control the operation of the node
has been written in C and then cross-compiled using the
IAR Embedded Workbench development environment for
the CC2520. Function libraries supplied for use with the
development environment enable the control and operation
of the various peripherals within CC2520.

Two programs are defined in CC2520 wireless module.
One is responsible for sending and receiving radio messages,
that is, receiving a command message from the node and
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Figure 4: ADXL001.

sending message to the monitoring terminal. Another pro-
gram is responsible for MSP430F2013 chip communication,
that is, sending control commands through the serial port
and receiving the collected data from the serial port. Two
application program objects interact mutually by a message
mechanismofOSAL and collaborate together to complete the
program functions on the node. The OSAL task scheduling
is shown in Figure 5. NextActiveTask( ) is task event query
function what returns the ActiveTask. When we design
software, we can decide if ActiveTask ( ) is executed according
to the value of ActiveTask.

The MSP430F2013 chip implements data acquisition and
storage capabilities. The flow chart of mechanical vibration
signal acquisition is shown in Figure 6. After system power-
up, the initialization of hardware platform and each software
module should be completed. As a result of dual processor
in this node design, the initialization of system consists of
two parts: MSP430F2013 and CC2520. After data collection
begins, the vibration signal is sampled throughADXL001 and
then the obtained data are sent and stored temporary into the
Flash. When Flash is almost full, the interrupt request signal
is sent to MSP430F2013. Then MSP430F2013 begin to read
data and storage data into SD card. Data in SD card is sent to
radio transceiver unit (CC2520) through USART. After the
completion of transmission, the MSP430F2013 will wait for
the next interrupt request and then continue to transmit data.

5. Power Mode Analyses

The work course of self-powered wireless sensor node is as
follows.Thepiezoelectric power generatingmodule generates
a weak AC signal by the piezoelectric bending transducer.
And then power generated is send into the energy storage
module. This energy storage module has two modes of
operation: the charging mode and the discharging mode. In
charging mode, wireless sensor nodes are intermittent work
and the energy harvester is first in charging mode under
the continuous vibration environment. Power generated by
the piezoelectric transducer is stored in the capacitor of the
LTC3588-1 and is converted into the standard output voltage
3.3 V for the node. Meanwhile, the backup battery is charged
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Figure 5: OSAL task scheduling mechanism.

by the power stored in the Cstorage of Figure 1. In discharging
mode, when the piezoelectric power generation module
cannot output charge and the voltage of LTC3588-1’s V IN
decline, the rechargeable batteries begin to charge for Cstorage
in Figure 1, so that the node is under the normal operation
status. Therefore, if energy harvesting is under work, the
charging mode and discharging mode run alternately.

6. Conclusions

This paper introduces a novel design of self-powered wireless
sensor node based on energy harvesting for mechanical
vibration monitoring. Firstly, the overall architecture of node
is proposed.Thewireless sensor node design is described into
fourmain components: the energy harvesting unit (LTC3588-
1), the microprocessor unit (MSP430F2013), and the radio
transceiver unit (CC2520) and accelerometer (ADXL001).
Moreover, the software used to control the operation of
the node is also suggested. At last, in order to achieve
continuous self-powered for nodes, two operation modes of
energy storage module including the charging mode and the
discharging mode are proposed. This design can effectively
solve the problem of continuous power supply for sensor
node. However, there are a number of open problems worth
pursuing. One concerns that the energy harvesting should
be designed according to the specific source of mechanical
vibration, which requires a large amount of mechanical
vibration prior accumulated data.The other concerns that the
most reasonable duty cycle needs to be designed to acquire
sufficient power from energy harvesting in the node sleep
time so as to meet the requirements of a working node.
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